Short mackerel fish (Rastrelliger brachysoma) is one of small pelagic fish mostly exploited by mini purse seine fishing gear. Exploitation of short mackerel by mini purse seine has an increasing trend every year and suspected to have negative impacts. One of the negative impact is the decrease of fish abundance, so it is necessary to carry out population dynamics and Spawning Potential Ratio (SPR) studies through length-based approach to provide exploitation indicator as biology reference point. The result of length-weight relationship analysis shows that the growth pattern (b = 2.3483) is negative allometry. The estimated length at first capture and its first sexual maturity analysis shows that the value of length at first capture (Lc = 15.4 cm FL) is greater than the length at first sexual maturity (Lm = 15.21 cm FL). The estimated maximum length (L  ) is 21.05 cm FL with growth rates (K) is 1.01 year-1 and t0 at -0.177 years. The estimated total mortality (Z) was 5.48 year-1, natural mortality (M) was 2.02 year-1 and fishing mortality (F) was 3.46 year-1. The predicted exploitation rate (E) is 0.63 which higher than the optimum value (E = 0.5). The estimated length-based SPR (LB-SPR) of 30% (SPR > 20% or above limit) means that short mackerel fishing activity has full exploitation.
INTRODUCTION
Small pelagic fish resources are economically important resources in Java Sea waters based on national statistical data from 2005 to 2015. The average catch of small pelagic fish is 37.8% of the total catch, even in 2005 catch of small pelagic fish reached 40% of the total catch (DGCF, 2016) . Rastrelliger is abundantly distributed in Indonesian waters, is and caught in Java Sea, and significantly contributes to marine fisheries production (Sudjastani, 1974) . Short mackerel (Rastrelliger brachysoma) is a small pelagic fish species that lives in coastal waters (neritic), and spread out almost along the north coast of Java, Madura Strait, west coast of South Sumatra, and south coast of Kalimantan (Ketapang, Kota Baru) (Zamroni et al., 2008) . The exist of short mackerel is generally followed by exploitation using mini purse seine (length of vessel 10 -18 m) active since 1987 in Pekalongan (Potier & Sadhotomo, 1995) , which is only active in fishing in coastal waters with only one day operation (small scale fisheries) (Zamroni et al., 2008) . This type of mini purse seine fishing fleet mainly comes from Tuban (east or north Java) and Brebes (western part of north central Java). The intensive fishing activity from year to year caused the abundance of short mackerel fish to decrease . According to national statistical data, from 2005 to 2016 number of active mini purse seine vessel in 2006 are 11,731 units and in 2016 increased to 24,548 units (DGCF, 2017) . In general, exploitation by mini purse seine has resulted in high fishing pressure almost in all areas (Nurhakim, 1993) , because the short mackerel species is one of fishing targets of these fisheries.
Recent information on population dynamics especially for short mackerel in the northern waters of Java still needs to be updated following the dynamic of fishing tactic and strategy. In addition, this information is needed for sustainable fisheries management purposes, which is one of them is by studying the condition of the stock dynamic of resources. Currently, the Spawning Potential Ratio (SPR) approach has evolved as a biology reference point. This approach uses length-frequency data as Ind.Fish.Res.J. Vol. 25 No. 1 June 2019: input and is used in fisheries with poor data availability (data-poor fisheries), namely the Length-based Spawning Potential Ratio(LB-SPR) (Hordyk etal.,2015b; Hordyk et al., 2015c) . The SPR is commonly used to indicate the stock status, by setting the limit and target referencepoints for thefisheries (Clark,2002) . Thepurpose of this study is to determine the population parameters to analyze the status of short mackerel resource stock in the waters of North Java. The results of this studyare expected to be used as a basic input for sustainable and responsible management of short mackerel fisheries.
MATERIALS AND METHODS

Regular biological sampling (Rastrelliger brachysoma)
was conducted at Pekalongan Fishing Port, Central Java ( Figure 1 ) from January to November 2016. Length and weight samples of fish were obtained from mini purse seine catchoperated in north of Java waters. The parameters measured were fork length with 0.1 cm accuracy and weight with 0.1 g accuracy. The sample size collected during the study was 3,479 samples. Where the values of a (intercept) and b (slope) are calculated by linear regression estimation as follows:
.....……………………… (2) Where L = mean length value (cm) and SL C = relative cumulative frequency of length. The L C can be calculated by the equation:
....……………………………………… (3) The length at first sexual maturity (L m ), expressed by the proportion of the size at 50% of the short mackerel fish with already ripe gonads, was calculated using equation (King, 2007) The growth rate (K) and maximum length (L ) of the fish was assumed to follow Von Bertalanffy Growth
Function (VBGF). These growth parameters were obtained using the VBGF fitted in FAO-ICLARM Stock Assessment Tool (FiSAT). According to VBGF as expressed below, individual fishes grows on average toward the maximum length at an instantaneous growth rate (K) with length at time (t) following the expression (Sparre & Venema, 1992) : (7) Where: Lt = length (cm) at age, t; L = asymptotic length (cm); K = growth constant (yr -1 ); t 0 = theoretical age at length zero.
The theoretical age at birth (t 0 ) was calculated using the empirical formula (Pauly, 1984) :
The total mortality coefficient (Z) was estimated by linearizing length-converted catch curve analysis (Sparre & Venema, 1992) . Natural mortality of the fish stock was estimated using (Pauly, 1980 Where, M = natural mortality and T (°C) = annual mean water temperature.
The fishing mortality (F), describing the rate of mortality due to fishing activities, was estimated from the relationship (Ricker, 1975 in Sparre & Venema, 1992 :
The exploitation rate (E) was calculated from the equation (Ricker, 1975 in Sparre & Venema, 1992 :
The length frequency data were pooled into groups with 0.5 cm length intervals. Then, the data was analyzed using the FiSAT II (FAO-ICLARM Stock Assessment Tools) software (Gayanilo et al., 2005) .
The SPR in this study uses the recently developed LB-SPR model by Hordyk et al. (2015b) . The inputs to LB-SPR model are: M/k, L  , the coefficient of variation of the maximum length (CV L  ), as well as parameters for the size-at-maturity. The LB-SPR analysis was done in R software using LB-SPR package in the site of The Barefoot Ecologist's Toolbox Length-Based Spawning Potential Ratio (http:/ /barefootecologist.com.au/lbspr) developed by Shiny (Hordyk et al., 2016) .
RESULTS AND DISCUSSION Results
Distribution of Sample Size
Short mackerel fish samples measured during this study were 3,479 samples and the size of frequency distribution in the commercial catches ranged from 12 to 20 cm of fork length. Fish in the size class of 16 cm dominated the catches that accounted at about 23.8% ( Figure 2 ). Population Dynamic And Spawning Potential Ratio……in The Northern Coast Of Java (Zamroni, A & T. Ernawati) Ind.Fish.Res.J. Vol. 25 No. 1 June 2019: 
Length at First Capture and at First Sexual Maturity
The length at first capture (the length at which 50% of the fish at that size are vulnerable to capture) was estimated as Lc =15.4 cm of fork length (with a = 30.7; b = -1.989; R 2 = 0.994). The length at first sexual maturity are very important parameter in fisheries research to assess the optimum length of first capture of a species. This study indicates that the short mackerel fish attains its first sexual maturity (Lm) at 15.21 cm of fork length. The analysis result shows that the length at first capture is higher in value than the length at first sexual maturity.
Growth Parameters
The growth parameters: maximum length (L) and growth constant (K) were estimated 21.05 cm FL and 1.01 year -1 , respectively. The calculated of t 0 was at -0.177 years and von Bertalanffy growth equation derived was: Lt = 21.05 [1 -e -1.01(t+0.177) ] (Figure 3) . Thus, short mackerel fish can reach its maximum length (21.05 cm of fork length) at 36 months. The fishery was dominated by fish of 1 year and 2 years old classes. Both the length at first capture (Lc = 15.4 cm FL) and the length at first maturity (L m = 15.21 cm FL) correspond to an age (tc) of 15 months. 
Mortality and Exploitation Rates
Total mortality coefficient (Z) was estimated as 5.48 yr -1 using length converted catch method. Natural mortality (M) was estimated at 2.02 yr -1 (temperature = 29 o C). Based on Z, fishing mortality (F) was found to be 3.46 yr -1 . Using the fish stocks assessment approach in the tropics (Pauly, 1980) , the estimation of exploitation rate was obtained from the estimated capture data structure, at length. The exploitation rate (E) of0.63 shows that the fishery was seemed to be higher than the optimum level of exploitation (E = 0.50).
Estimated Spawning Potential Ratio (SPR)
Length based-SPR (LB-SPR) approach is used to more specifically find out the level of exploitation of fish resources in a fishing area. This approach is used in data-poor fisheries that usually occur in small-scale fisheries (Hordyk et al., 2015b) . By inputting some parameters, such as length frequency data, maximum length (L  , M / K ratio (ratio of natural mortality to growth constant) and length at first sexual maturity (L m ) in application of the Barefoot Ecologist's Toolbox Length-Based Spawning Potential Ratio, the result of analysis shows that SPR value is 30% (SPR > 20% or above limit) (Figure 4 ). This SPR value (30%) illustrates that there are about 30% of short mackerel fish populations that have opportunities to spawn. Based on Prince et al. (2015) , this SPR value shows that the short mackerel fishing activity has been fully exploited, while SPR value of 20% is the biological limit reference point and SPR value of 40% is the point of sustainable utilization or sustainability reference point .
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Figure 4. LB-SPR of short mackerel from Pekalongan Fishing Port.
Discussion
Length at First Capture and at First Sexual Maturity
The size of length at first capture in this study is lower than the size obtained by in the same waters (15.8 cm FL) Malacca Strait (15.5 cm FL, Suwarso et al., 2015b) . According to Hargiyatno et al. (2013) , the difference in the size of length at first capture is due to the differences in the mesh size of fishing gear used, time of fishing (month or season), and fishing ground. In addition, the use of length-based data has some limitations, such as sample size and interval width (Erzini, 1990) . The length at first sexual maturity in this study is lower than ones conducted by and Suwarso et al. (2015a) in the Java Sea waters that were 17.1 cm FL and 16.4 cm FL, respectively. The study conducted in t the Malacca Strait shows the size of length at first sexual maturity is 16.9 cm FL. The differences observed in maturity size are probably because of the influence of ocean environment on the biology of the fish (Ghosh et al., 2016) . Fish that get high fishing pressure will tend to have mature gonads at smaller sizes (Trippel et al., 1997) . According to Effendie (2002) , the length at first sexual maturity is not the same for each species also in the same species, if spread over different latitudes greater than five degrees, it will differ in age and length at first sexual maturity. Similarly, it is expressed by Udupa (1986) that the difference in length at first sexual maturity varies greatly in either different species or the same species, thus fish of the same age or length do not necessarily reach the same size of length at first sexual maturity. The size of length at first sexual maturity is influenced by environmental changes, especially temperature (Karna & Panda, 2011) . Unfavorable environments affect the process of fish reproduction, resulting in slow gonadal maturation (Beyer et al., 2012) .
In this study, the length at first capture is greater than the length at first sexual maturity (L c > L m ). In theory, the fish has reached mature gonads before the fish is caught, so the recruitment process has not been disturbed. It is also assumed that group of younger fish (sub-adult) have a habit to be in a different area from adult fish. However, the size of length at first capture almost reaches the size of length at first sexual maturity, and even the size of both is almost the same, so it can be assumed that the recruitment process has begun to be disrupted (slightly disturbed). For that, it is recommended in the management to pay attention to increase the size of length at first capture, for example, by applying evaluation and regulation of mesh size on mini purse seine.
Growth Parameters
According to Sparre & Venema (1992) , the growth coefficient is a parameter that determines how fast a fish reaches its maximum length. Fish that has a high growth coefficient generally has a shorter lifespan (Pauly, 1980) . Growth parameter values in this study differ from the results of the research in the waters of the Malacca Strait, where L  is 19.1 cm FL and K is 1.22 (Suwarso et al., 2015b) . Another study about growth parameters can be seen in Table 1 . The differences of growth parameters can be caused by the differences of sampling periods, size of fish samples, and fishing grounds (Moazzam et al., 2005) . According to Widodo (1988) , the differences of growth parameters are more influenced by the size composition of samples than by the methods used. If the fish samples are predominated by small size fish, Ind.Fish.Res.J. Vol. 25 No. 1 Sudjastani, 1974 Dwiponggo et al., 1986 Anonymous, 1985 Lavapie-Gonzales et al., 1997 Boonraksa, 1988 higher growth coefficients will be obtained; otherwise, if the fish samples consist of larger fish, smaller growth coefficients will be obtained. Amin et al. (2015) said that the differences of growth parameters are due to age, sex, maturity, and sampling period for the same species.
The differences of growth parameters (1.01 to 2.28) can also be due to differences in geographical location, water conditions, and food supply (Effendie, 2002) . The differences in environmental parameters, food availability, predation, exploitation, and type of fishing gears used influence the growth parameters (Ghosh et al., 2016) . According to Suwarso & Wujdi (2015) , the maximum length differences can be affected by the differences in habitat conditions and the pressure of fishing activities in each of the waters. Furthermore, Suwarso & Wujdi (2015) said that habitats with nutritional content or the availability of sufficient natural food can support optimal growth of fish, while intensive fishing activities do not give a chance of fish to grow larger so that the maximum length becomes smaller.
Mortality and Exploitation Rates
Previous study by Dwiponggo et al. (1986) in the Java Sea the value of Z is 7.4 year -1 , the value of M is 2.83 year -1 ,and the value of F is 4.57 year -1 . Meanwhile, a study in the Southwest Coast of Phuket showed that the values of: Z is 11.27 year -1 , M is 2.13 yr -1 ,and F is 9.4 year -1 (Boonraksa, 1988) . The mortality rates (Z, M and F) in this study were lower than those conducted by Dwiponggo et al. (1986) and Boonraksa (1988) . The differences of mortality rates due to fishing were caused by the differences of the distribution of fish size or age groups, especially the characteristics of distribution of small pelagic fish, like mackerels, which are both temporally and spatially migratory, and have scattered schools habits. In addition, the coefficient of mortality related to fishing is generally influenced by the amount of fishing gear and its intensity; the higher number of fishing gears with higher intensity, the greater mortality coefficient. The differences of mortality rates were caused by different stocks with different fishing pressures to population parameters (Koolkalya et al., 2017) .
In this study, the higher estimated value of fishing mortality (3.46 year -1 ) than natural mortality (2.02 year -1 ) indicates that short mackerel fish are at relatively high fishing pressure. It is also supported by the similar sizes of the length at first capture (L c ) and the length at sexual maturity (L m ). The high rate of fishing mortality and the low rate of natural mortality can also indicate the occurrence of growth overfishing condition that is characterized by the least number of adult fish because of the young fish are caught before reaching adult conditions (Sparre & Venema, 1992) . Therefore, the fishing pressure on the stock should be reduced to reach the optimum condition, which is the rate of fishing mortality is equal to the rate of natural mortality. According to King (2007) , a heavy exploited population has a reduced adult fish because of there is no much time to reproduce, and this will result in the absence of stock recruitments into the fishery.
The rate of exploitation (E) of short mackerel fish derived from the comparison of fishing mortality (F) to natural mortality (Z) of 0.63 means 63% of mortality of short mackerel species landed in Pekalongan waters is the result of fishing activity during this observation. Gulland (1971) suggested that when the natural mortality and fishing mortality are equal (E = 0.5), the stock is in a healthy state and optimally exploited. The exploitation rate (E = 0.63) calculated in this study indicates heavy exploitation. This suggests that short mackerel fish populations landed in Pekalongan waters are already in the over exploited levels because their exploitation rate is higher than the optimum value of 0.5 per year.
The rate of exploitation (E) obtained by Dwiponggo et al. (1986) , E = 0.62 (high exploitation indication), is almost identical to this study. This indicates that, for more than 30 years, short mackerel has had high exploitation rates., However, the fishery has still survived. This is because short mackerel has a high growth rate (K > 0.5). According to Sparre et al. (1989) , fish with low growth rate coefficients will take longer to reach their maximum length, while fish that have high growth rate values take less time to reach their maximum length. The faster to reach the maximum size, the faster the fish to reach the size of mature 1-10 gonads and spawning, so the fish recruitment is not much disturbed despite high exploitation rate.
Spawning Potential Ratio (SPR) Estimate
Based on Prince (2015) , the result of LB-SPR analysis in this study (SPR = 30%) shows that the status of short mackerel fish landed in Pekalongan is in fully exploited condition (SPR value of 20% to 40%).However, according to Woodhams et al. (2011) , SPR values of 25% to 40% are in a nearly fully exploited condition. Although the status has not reached over exploited, this result indicates that there will be a potential impact of highly fishing pressure. This can be seen from the value of exploitation rate that is higher than the optimum value (E = 0.63). Moreover, the higher value of fishing mortality than natural mortality indicates that the fishing pressure of short mackerel fish in these waters is very high. Another impact of the high value of fishing mortality is the similarity size between the length at first capture (L c ) and the length at first sexual maturity (L m ). Moreover, the value of L c and L m in this study is lower than previous studies. If this condition is continued, it will decrease the SPR value and the length at first capture (L c ). Therefore, it is suggested in the management to focus on decreasing the fishing mortality (F) to reach optimum condition that is equal to the value of natural mortality (M). One way to reduce the value of F is to reduce fishing effort, by controlling fishing permits such as number of units, size of fishing fleet, fishing gear dimensions, and fishing technology.
Assuming the Indonesian government adopts the SPR 20% as limited reference point, the SPR result on this research (30%) is still above the threshold limit. This means that the recruitment process is still not completely disrupted. This can be seen from the higher size of length at first capture than length at first maturity, although only slightly. The high fishing mortality rate on the results of this study has not been so disturbing the recruitment process. It strongly indicates that this spawning area of short mackerel fish has not been exploited, so there are still fish that have chances to be adult fish and even reach mature gonads.
CONCLUSION
The estimated length at first capture is greater than the length of female at first sexual maturity. This condition can be suitable for the availability of short mackerel fish stock because the fish reach mature gonads before being caught, so the recruitment process has not been disturbed. Maximum length (L  ) in this study is 21.05 cm FL, the value of growth coefficient (K) is 1.01 yr -1 , and the value of t 0 is -0.177. Estimated value of fishing mortality (3.46 yr-1) is higher than that of natural mortality (2.02 yr-1), indicating that short mackerel fish in this study are at relatively high fishing pressure. The current exploitation rate (E= 0.63) calculated in this study indicates heavy exploitation. The result of LB-SPR analysis based on Prince (2015) shows that the status of short mackerel fish landed in Pekalongan is in fully exploited condition (SPR = 30%).
These conclude that the results of this study show differences to statements submitted by Haryati et al. (2003) , i.e. intensive fishing activity from year to year causes the abundance of short mackerel fish to decrease and by Nurhakim (1993) about exploitation by mini purse seine has resulted in high fishing pressure. Because the results show that the recruitment process has not been seriously disrupted, as evidenced by the length at first capture values (L c ) is greater than the length at first sexual maturity (L m ), the SPR value is still 30%, and the exploitation rate for more than 30 years has the same value trend. If the fish population has been seriously disrupted, the exploitation rate will be greater, the SPR value will be smallereven reaching less than 20%, and the L c value will also be smaller. This occurs because of high growth rate of short mackerel fish (> 1), so the exploitation rate makes insignificant effects on abundance and recruitment.
